ABBREVIATIONS AIS = adolescent idiopathic scoliosis; ASD = adult spinal deformity; BMD = bone mineral density; BMI = body mass index; DVT = deep venous thrombosis; LL = lumbar lordosis; MEP = motor evoked potential; ODI = Oswestry Disability Index; PI = pelvic incidence; PJF = proximal junctional failure; PJK = proximal junctional kyphosis; PSO = pedicle subtraction osteotomy; PT = pelvic tilt; REDCap = Research Electronic Data Capture; SPO = Smith-Petersen osteotomy; SRS = Scoliosis Research Society; SS = sacral slope; SVA = sagittal vertical axis; TK = thoracic kyphosis; TLK = thoracolumbar kyphosis; UIV = upper instrumented vertebra; UIV+1 = UIV plus 1 level; VAS = visual analog scale.
A dult spinal deformity (ASD), including degenerative scoliosis and/or kyphosis, has an estimated prevalence of 68% in the elderly population. 47 Deformity correction surgeries for ASD are being performed more frequently as health, functional status, and life expectancy standards improve over time. However, ASD surgeries remain complex and are associated with frequent complications, including proximal junctional kyphosis (PJK), 48 which has an incidence of 17%-62% 6, 17, 27, 29, 37, 39, 58 with pedicle screw-only constructs and primarily occurs within 3 months postoperatively. 30, 34, 59 Proximal junctional kyphosis is recognized as a harbinger of proximal junctional failure (PJF), a major complication often requiring extensive revision surgery. 22, 26, 51, 57 Although various criteria have been designated for PJK, the most accepted definition includes a postoperative proximal junctional (PJ) Cobb angle value of and a relative increase of at least 10° degrees (relative to the preoperative measurement). 17 The pathogenesis underlying PJK is probably directly related to the abrupt transition between the rigid fused and the flexible unfused vertebral segments.
8, 34 The higher incidence of PJK noted in patients with low bone mineral density (BMD) directly supports this theory. A higher incidence of PJK has also been linked to a thoracic kyphosis (TK) Cobb angle > 40° and a postoperative sagittal vertical axis (SVA) difference > 5 cm. 37 Recent studies have suggested that facilitating a more gradual transition between the fused and flexible segments with the introduction of semi-rigid fixation at the proximal intervening levels could potentially reduce the incidence of PJK and PJF. 7, 31, 33 Such "hybrid" constructs have included supplementation with PJ hooks, Mersilene tape, and rib anchors. 20, 31, 33, 55, 60 Vertebroplasty has been studied as a potential prophylactic technique aimed at supplementing the anterior column. 14, 25, 38 Finally, polyester tethers (sublaminar bands) have been suggested as a possible PJK prophylactic technique, 3 but to date they have been used primarily in hybrid constructs to address coronal and sagittal deformity correction in adolescent idiopathic scoliosis (AIS). 1, 23, 45 A recent study in AIS patients used proximal sublaminar bands and lamino-laminar claws at the 2 upper instrumented vertebrae (UIVs) and, reassuringly, did not identify an increase in the incidence of PJK despite the associated muscle and PJ ligamentous disruption. 16 To assess the feasibility, safety, and potential influence of sublaminar banding on the incidence of PJK and PJF, we prospectively analyzed consecutive ASD patients who underwent long-segment thoracolumbar instrumentation with sublaminar bands inserted at the UIV plus 1 level (UIV+1).
Methods

Patients and Study Design
After obtaining consent, we enrolled patients in an institutional review board-approved protocol designed to prospectively assess those who were undergoing PJ sublaminar band insertion at our center (Prospective Multi-Center Follow-up of Patients Undergoing Instrumented Thoracic and Lumbar Arthrodesis Supplemented by the Implanet Jazz system; clinical trial registration no. NCT02411799; ClinicalTrials.gov database; http://clinicaltrials.gov). A web-based Research Electronic Data Capture (REDCap) database 19 was designed to prospectively collect all demographic, clinical, and radiological data. In the current study, we report on 40 consecutively enrolled patients who underwent either upper or lower thoracic band placement in the period between August 2015 and February 2017. Inclusion criteria included an age of 18 years or older at the time of surgery, a diagnosis of ASD (either primary degenerative or postoperative), and at least 3 months of completed follow-up. All patients underwent anteroposterior and lateral 36-inch whole-spine standing radiography studies, whose findings were classified according to the Scoliosis Research Society (SRS)-Schwab ASD system. 4 The decision to offer surgery was based on the severity and intractability of a patient's symptoms (pain and disability), whether an adequate trial of nonoperative measures had been attempted, and the severity of the deformity causing sagittal and/or coronal imbalance with various degrees of canal and/or foraminal stenosis.
All patients underwent a detailed preoperative workup including routine blood investigation, standard wholespine radiography, lumbar and thoracic MRI, and thoracolumbar CT. Dual-energy x-ray absorptiometry (DEXA) scanning was used to assess bone density. Patients who had low BMD (less than -2.5, 6 patients) received teriparatide injections (Eli Lilly and Co.) for at least 6 weeks before surgery (mean of 8 months). Lower limb venous Doppler scans were obtained in patients who had salient deep venous thrombosis (DVT) risk factors such as prolonged immobilization or restricted ambulatory capacity preoperatively. All patients underwent preoperative inferior vena cava filter placement and received 5000 IU heparin within 1 hour of surgery as prophylaxis against DVT. All patients underwent long-segment fusion and deformity correction extending to either the lower thoracic (T9-11) or upper thoracic (T3-5) levels. The distal extent of fusion was from L-5 to the ilium. The extent of instrumented arthrodesis was based on the severity of the global sagittal imbalance (SVA), the severity of the sagittal/coronal deformities (Cobb angles) and the involved levels, the pelvic incidence-lumbar lordosis (PI-LL) mismatch to be corrected, as well as the levels already fused (for revision cases). All patients underwent long-segment fusions with pedicle screw-rod constructs and an additional anchor at the UIV+1 using a braided polyester sublaminar band (Jazz system, Implanet America) via a posterior approach. Sacro-pelvic fixation was performed using standard iliac or S2-alar screws.
Surgical Technique
Midline posterior exposure of the appropriate spinal levels was performed in all cases. Bilateral hemilaminotomies were performed to widen the interlaminar spaces immediately proximal and distal to the UIV+1 laminas by using a power burr connected to an AM-8 bit and Kerrison rongeurs (Fig. 1) . Care was taken to avoid any facet violation. The midline supra-and interspinous ligaments were kept intact. The ligamentum flavum was removed using Kerrison rongeurs until the underlying dura mater was well exposed. After ensuring sufficient hemilaminotomy windows, the 2 bands were sequentially introduced from the inferior to the superior end. Pressure over the dural sac during this maneuver was meticulously avoided. The tips of the bands were curved to prevent inadvertent impingement on the neural elements. At the level of the proximal hemilaminotomies, a nerve hook and/or needle driver was used to gradually deliver the bands out. A sustained push was simultaneously applied with the other hand in a caudocephalad direction. The metal-backed tip of the bands allowed for enhanced maneuverability during this process. Band insertion was performed with motor and sensory neuromonitoring.
After applying the sublaminar bands, we inserted pedicle screws at all thoracic, lumbar, and sacral levels as planned preoperatively by using a free-hand technique supplemented with fluoroscopic guidance as needed. Laminectomies, Smith-Petersen osteotomies (SPOs), and pedicle subtraction osteotomies (PSOs) were performed in accordance with the preoperative deformity correction plan. Interbody fusion was performed via anterior, lateral transpsoas, transforaminal, or posterior approaches to provide additional correction in the sagittal and coronal planes. Either titanium or cobalt-chrome rods were positioned, and reduction was achieved using cantilever bending, de-rotation, and in situ bending maneuvers. As a final step, the sublaminar bands were connected to the rods at the UIV level and hand tensioned using a tensioner device. Finally, decortication was performed and bone graft was placed up to the UIV level. All surgeries were performed by the senior spine surgeon (H.F.F.).
Clinical Evaluation
All patients underwent complete general physical examination and detailed spine and neurological examinations preoperatively and at defined postoperative visits. Visual analog scale (VAS), Oswestry Disability Index (ODI) version 2.1a, [11] [12] [13] and RAND SF-36 scores 56 were obtained at baseline (preoperatively) and at each follow-up. Prospective monitoring and recording of complications was undertaken for all enrolled patients. Complications were designated as perioperative (4 weeks or less after surgery) or delayed (more than 4 weeks after surgery) and were subclassified on the basis of the involved system and severity (mild, moderate, severe). All clinical data, including complications, were prospectively uploaded to the web-based REDCap database by the study clinical research coordinator (A.J.M.). Patients underwent regular clinical and radiological follow-up as needed including at 6 weeks, 3 months, 6 months, and 1 year after surgery and annually thereafter.
Radiological Evaluation
Detailed radiological assessments were performed using standard anteroposterior and lateral whole-spine standing radiographs preoperatively and at each postoperative follow-up (starting prior to hospital discharge: "immediate postoperative follow-up"). Using anteroposterior plain-film radiographs, we measured thoracic, thoracolumbar, and lumbar Cobb angles, as described by the SRS-Schwab ASD classification. On lateral plain-film radiographs, SVA, TK (T5-12), thoracolumbar kyphosis (TLK; T10-L2), and LL (L1-S1) Cobb angles, spinopelvic parameters (PI, pelvic tilt [PT] , and sacral slope [SS]), PJ Cobb angles (UIV to UIV+2), UIV sagittal tilt (only on postoperative radiographs), and T1 slope were calculated (Fig. 2 ).
Statistical Analysis
Data were analyzed using SPSS version 24 software (IBM Corp.). Distribution normality was assessed using the Shapiro-Wilk test. Wilcoxon signed-rank tests were used to assess for significant changes between preoperative and postoperative values. A p < 0.05 was considered statistically significant.
Results
Baseline Clinical and Radiological Findings
Forty ASD patients (24 women and 16 men) underwent long-segment thoracolumbar instrumented arthrodesis supplemented with sublaminar bands at the UIV+1 in the period from August 2015 to February 2017. Baseline clinical characteristics of the patients are detailed in Table 1 . Median age at surgery was 64.0 (IQR 57.7-70.0 years). Mean and median follow-up was 12 months (IQR 6-15 months). Follow-up was limited to 3 months for 2 patients: the patient in case 18 developed discitis treated with intravenous antibiotics and hardware and sublaminar band removal at 4 months postoperatively, whereas the patient in case 30 died due to unrelated causes at 3.5 months postoperatively. At least 3 months', 6 months', and ≥ 1 year's follow-ups were achieved for 3, 11, and 26 patients, respectively. Eleven patients (27.5%) had a body mass index (BMI) of 30.0-34.9 kg/m 2 (obese I), whereas 12 (30.0%) had a BMI ≥ 35.0 kg/m 2 (obese II). Twenty-eight patients (70.0%) had a history of prior thoracolumbar spinal surgery. Osteopenia and osteoporosis were found in 8
FIG. 2. A:
Preoperative 36-inch whole-spine lateral standing radiograph. Line 1, sagittal C-7 plumb line (vertical line dropped from the center of the C-7 vertebral body); line 2, SVA, distance between the sagittal C-7 plumb line and the posterosuperior margin of the S-1 vertebra; TK, angle between superior endplate of T-3 vertebra to inferior endplate of T-12 vertebra; TLK, angle between superior endplate of T-10 vertebra to inferior endplate of L-2 vertebra; LL, angle between superior endplate of L-1 vertebra to superior endplate of S-1 vertebra; SS, angle between superior endplate of S-1 and the horizontal; PT, angle between the line joining the midpoint of the superior endplate of S-1 and the center of the femoral head and the vertical; PI, angle between the line perpendicular to the superior endplate of S-1 and bisecting it and the line joining the midpoint of superior sacral endplate and the center of the femoral heads. B: Lateral postoperative thoracolumbar radiograph showing instrumentation between T-10 and T-12 levels. Proximal junctional (PJ) Cobb angle, angle between inferior endplate of UIV (T-10) and superior endplate of UIV+2 vertebra (T-8); UIV sagittal tilt, angle between the inferior endplate of UIV and the horizontal.
(20.0%) and 6 (15.0%) patients, respectively. Deformities were classified according to the SRS-Schwab ASD system 4 ( Table 2 ). Ten patients (25.0%) had significant combined coronal (greater than 30°) and sagittal deformities. Thirteen (32.5%) and 19 (47.5%) patients had moderate (+) and severe (++) sagittal imbalance (SVA), respectively. Moderate and severe PI-LL mismatches were noted in 8 (20.0%) and 23 (57.5%) patients, respectively.
Complications
A total of 34 surgery-related complications were recorded in the perioperative period, whereas 5 complications were delayed (identified in 24 of 40 patients overall; Table 3 ). Of these, 16 complications were graded as mild, 20 as moderate, and 3 as severe. Gastrointestinal (10/34) and neurological (6/34) complications were the 2 most frequent in the perioperative period. Neurological complications in all cases corresponded to postoperative delirium that resolved prior to hospital discharge. Two infectious discitis complications were noted (cases 17 and 18) and were treated with intravenous antibiotics. While the patient in case 17 had full clinical and radiological resolution after 3 months without further intervention, the patient in case 18 underwent hardware and sublaminar band removal at 4 months postoperatively (graded as a delayed and severe complication in Table 3 ). Three complications were directly related to the study procedure (graded as mild [2 cases] and moderate [1 case]): 2 unintentional durotomies without any further sequelae (cases 6 and 22) and 1 transient neurological deficit (case 22). All 3 complications occurred early in the study period (the fourth and tenth patients in this series). The patient in case 22 had preexisting moderate to severe canal stenosis at the UIV+1 and intraoperatively developed a left-sided unilateral decrease in motor evoked potentials (MEPs) immediately after ipsilateral sublaminar band insertion. He developed left-sided hip flexion weakness postoperatively (Grade 3/5), which completely resolved at the 6-week follow-up (Fig. 3) .
Clinical and Radiological Outcomes
Preoperative and postoperative VAS back and leg, ODI, and SF-36 scores are summarized in Table 4 Preoperative and postoperative radiological measurements are summarized in Table 5 . Thoracolumbar kyphosis, LL, PT, and PI-LL mismatch improved significantly after surgery; improvements were found on the immediate postoperative radiographs and were maintained until The UIV sagittal slope-an independent risk factor for PJK development 36 -was stable over the immediate and final follow-up time points (0.0°, IQR -9.0° to 13.2° vs 1.6°, IQR -7.6° to 16.1°, respectively).
The index instrumented arthrodesis levels for the patients are detailed in Table 6 . Upper thoracic (T-3 to T-5) instrumentation was performed in 14 cases and lower thoracic instrumented (T-9 to T-11) was performed in 26 cases. All instrumented constructs were extended down to the L-5 to iliac levels (L-5, 1 case; S-1, 10 cases; and ilium, 29 cases). Cobalt-chrome rods were used in all upper thoracic surgeries and in 12/26 lower thoracic surgeries (the remaining 14 patients were instrumented with titanium rods). The change in PJ Cobb angles with respect to the preoperative value was measured individually for each patient at both the immediate (DPJ Cobb 1 ) and final follow-up (DPJ Cobb 2 ) time points. Three patients (7.5%; cases 23, 27, and 31) developed radiological PJK during the follow-up period (mean DPJ Cobb 2 15.5°). The average age and BMD for these 3 patients on presentation were 64.7 years and -1.36 g/cm 2 , respectively. The mean preoperative TK Cobb angle was 40.8° and the mean DSVA was -7.8 cm. Two patients (cases 27 and 31), both treated with cobalt-chrome rods, met the criteria for PJK starting at the immediate postoperative time point. Two constructs were taken to the lower thoracic spine (cases 23 and 27), while 1 patient had the construct taken to the upper thoracic spine (case 31; Fig. 4 ).
Discussion
Surgery for ASD
Surgical management of ASD is complex and associated with frequent complications. 5, 42, 48, 50 Patient age (60 years or older), 10 preexisting comorbidities, 5,48 high BMI, 48 revision surgery, 50 anterior or combined anteroposterior surgical approaches, 39 and osteotomies 9 have all been associated with higher complication rates. A recent prospective multicenter trial of ASD patients who were managed surgically 49 revealed that 71.5% of the patients experienced at least 1 complication at a minimum 2-year followup, although significant improvements in all health-related quality of life indices (including ODI, SF-36, SRS-22, and pain scores) and relevant radiological parameters (SVA, PT, and PI-LL) were noted.
Incidence and Prevention of PJK
Proximal junctional kyphosis was initially purported to be a radiological observation of doubtful clinical rel- evance. 17, 33, 35 Subsequent studies have confirmed PJK progression to PJF in a subset of patients, which typically occurred in the first 3 months after surgery. 30, 34, 59 Proximal junctional failure is characterized by clinically significant PJK deformity and associated symptomatology. 22, 57 The incidence of this phenomenon has reportedly increased along with the evolution of ASD surgeries, which often involve multilevel osteotomies and long-segment pedicle screw fixation for sagittal balance restoration. 22, 32, 39 Considering the negative impact and costs of repeat surgery, 53 the importance of developing strategies to reduce the incidence of PJK cannot be understated.
Proximal junctional kyphosis pathogenesis is broadly linked to ligamentous deficiency, vertebral compression fracture, and/or instrumentation failure or pullout. 3, 7, 8, 22, 28, 31, 44 One theory posits that a biomechanical disadvantage occurs as a result of the abrupt change in spinal column rigidity between the nonmobile fused and the relatively mobile noninstrumented vertebrae. 3, 7, 8, 15 In addition to the strict avoidance of posterior tension band violation (including ligaments and facet capsules) at the proximal levels, various surgical strategies have been proposed to facilitate a smoother transition across the proximal junction. These include using a less rigid proximal "hybrid" implant system with hooks, less rigid rods or tapered rods, cement augmentation of adjacent vertebral bodies, rib fixation at UIV+1, and enhancement of the posterior tension band elements with either Mersilene tape attached to the spinous processes or polyester sublaminar tethers. 3, 7, 8, 21, 24, 25, 37, 40, 42, 52, 60 Prophylactic UIV and UIV+1 vertebroplasty has recently been assessed in a cohort of patients undergoing surgery for ASD. 36, 46 Despite the anterior column supplementation and likely transition zone widening, this technique did not directly mitigate the persistently elevated stresses across the PJ posterior elements. Thus, while the incidence of PJF remained stable at 5.1% in that series, the development of PJK was primarily delayed beyond the usual early (< 3 months) time period as the reported 2-year and 5-year rates were 8% and 28.2%, respectively. 38, 46 
The p values are based on Wilcoxon signed-rank tests comparing either immediate or final follow-up to preoperative radiographic values.
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The posterior ligamentous complex acts as a primary constraint against pathological flexion stresses. Biomechanical studies have demonstrated that forward angulation is significantly increased when this restraint is lost.
3,58
Thus, posterior tension band reinforcement has been proposed for PJK prevention and has formed the basis for using Mersilene tape as a spinous process augmentation technique. 60 The insertion of posterior polyester tethers and sublaminar bands as tension band-enhancing modalities has also been suggested as a novel PJK prevention method. 3, 43 The rationale behind the use of PJ sublaminar bands includes widening of the transition zone at the proximal end of constructs by incorporating an additional anchor between the fused and nonfused segments and thus facilitating a smoother transition (rigid-semirigidnonrigid). In addition, UIV+1 sublaminar bands provide a stronger proximal anchor based on the relatively cortical laminar bone and thereby mitigating the strain at the immediate adjacent level. Apart from enhancing the transition zone, the posteriorly directed vector force created by UIV+1 sublaminar band placement may also optimally supplement the posterior ligamentous complex and thus further limit the kyphotic forces that lead to PJK development. Despite these potential benefits, PJ sublaminar band placement unfortunately remains associated with the theoretical possibility of a paradoxical increase in PJK because of the required additional muscle dissection, laminotomies, and posterior ligamentous disruption. 16, 55 Reassuringly, Ghailane and colleagues did not identify an increased postoperative incidence of PJK in their cohort of AIS patients treated with hybrid constructs that included proximal lamino-laminar claws and sublaminar bands. 16 
Current Study
Patient Characteristics
This study was performed in the first ASD patient cohort treated with long-segment thoracolumbar arthrodesis supplemented by a novel technique of sublaminar band placement at the UIV+1 (Fig. 1) . We prospectively evaluated a consecutive series of 40 patients (with no loss to follow-up to date) to assess this technique's feasibility, safety, and potential effect on the occurrence of PJK and PJF. Although we have reported outcomes at early time points (median of 12 months), our follow-up intervals did encompass the period over which PJK and PJF can occur. 30, 34, 59 In support of this concept, 2 of the 3 sublaminar band patients who developed PJK met the criteria starting at the immediate follow-up time point.
Over half (70.0%) of the patients in our cohort underwent revision surgeries, whereas 57.5% of the patients had a BMI ≥ 30 kg/m 2 and 35.0% had osteopenia or osteoporosis. A majority of our cohort had significant sagittal imbalance (80.0% with SVA ≥ 4 cm) and 25.0% had severe associated coronal deformities. Osteotomies were performed in 97.5% of patients; all of these patients underwent multilevel SPOs and 3 (7.5%) also underwent a PSO. The comparatively more rigid cobalt-chrome rods have been linked to a greater risk of PJK development than titanium rods, 18 but the former were used in most of the patients in this study (26 patients overall and 2 of the 3 who developed PJK) given their recognized ability to more optimally maintain deformity correction.
Complications
Nearly two-thirds of our cohort experienced at least 1 complication with an overall total of 39 prospectively identified complications, including 16 graded as mild, 20 as moderate, and 3 as severe. The overall and system-specific complication rates appear to be generally consistent with rates reported in the literature. 48 Specifically, we noted 3 procedure-related complications, all of which occurred in the early phase of the study. These included 2 dural tears, which required no further intervention beyond the initial patching and thus were graded as mild in severity, and 1 transient neurological deficit, graded as moderate in severity. One patient (case 22) sustained a dural tear and the neurological deficit, which we believe was related to a disc prolapse at the level of band insertion, compromising the space available in the canal (Fig. 3) . We noted a unilateral decrease in MEPs immediately following ipsilateral sublaminar band insertion. As a result of this experience, we recommend careful preoperative review of MRI studies at the level of band insertion for all patients to assess the canal dimension. In cases of significant canal compromise, one might consider choosing a different level for band insertion to minimize the risk of neurological complications. Overall, we believe these data support the notion that UIV+1 sublaminar band placement in ASD patients can be safely performed without a significant increase in overall complications.
Clinical Outcomes
Despite our relatively small number of patients, we observed significant improvements in VAS (back), ODI, and RAND SF-36 scores at various follow-up time points. We also observed a significant improvement in radiological parameters such as TK, TLK, LL, SVA, PT, SS, and PI-LL mismatch by the final follow-up. Given the above, we believe that our UIV+1 sublaminar band cohort is representative of the wider population of ASD patients managed surgically.
Radiological Outcomes
At this early stage of follow-up, our PJK incidence of 7.5% and absence of PJF represent low rates as compared with those in the literature (Table 7) . While direct comparisons are not possible given the disparate followup periods, we believe it is reasonable to conclude that UIV+1 sublaminar band placement is not associated with increased PJK or PJF rates. Of note, neither hybrid fixation using proximal hooks 2 nor minimally invasive stabilization 41 has proven to significantly reduce the incidence of PJK. Enhanced PJ anterior column support with UIV/ UIV+1 vertebroplasty is another intriguing option but recently was shown not to convincingly reduce PJK or PJF rates at 5 years postoperatively; instead, the increased anterior column support appears to delay the occurrence of PJK beyond the usual early period. 38, 46 Despite the low incidence of PJK in our sublaminar band cohort, we observed that mean PJ Cobb angles significantly increased at the immediate postoperative time point as compared with preoperative values; however, the angles subsequently stabilized with no significant difference between the final follow-up and the immediate postoperative values. In contrast, PJ Cobb angles have been shown to successively increase over time in patients who develop PJK with pedicle screw-only constructs.
54
Study Limitations
Study limitations include an absence of randomization and comparisons that are limited to findings in the previously published literature, which can introduce confounding effects related to patient characteristics and surgical techniques (for example, the proportion of patients implanted with stiffer cobalt-chrome rods). As with the recent experience with prophylactic vertebroplasty, 46 it remains to be seen whether our early results at the 1-year median follow-up (3 patients with a 3-month follow-up, 11 patients with a 6-month follow-up, and 26 patients with a 1-year follow-up) will be maintained over the long term. Finally, our analysis does not exclude the possibility of added PJK prevention related to perioperative teriparatide treatment, which was administered in 6 patients.
Conclusions
These observations are based on our initial experience with sublaminar band placement at the UIV+1 of long-segment thoracolumbar fusion constructs. According to data in this prospective analysis, sublaminar band placement is a relatively safe technique without an associated increase in PJK and no cases of PJF in a well-defined cohort of patients with ASD. Larger-scale and longer-term follow-up analysis with contemporary matched control patients will be required to better define the potential benefit of UIV+1 sublaminar bands in mitigating the incidence of PJK and PJF following adult deformity correction. 
